Motor deficit, especially in the upper limb, is the primary contributor in post-stroke disability. Recovery of motor function relies on neural plasticity -cortical plastic reorganization -a spontaneous process, which could be enhanced from early phases by rehabilitative strategies. The subacute stage after stroke is the critical period during which the brain is most receptive to rehabilitation strategies. Based on the recent results of 2 trials in stroke rehabilitation using pharmacological intervention with Cerebrolysin in combination with standardized kinesitherapy, we conducted a pilot study of 4 consecutive patients with acute ischemic stroke, treated with Cerebrolysin for 28 days after stroke, and with intensive taskspecific kinesitherapy from day 7 to day 28 after stroke. We assessed stroke severity with NIHSS score, upper limb function with ARAT (Action Research Arm Test) score, disability with modified Rankin scale and patient's autonomy with Barthel Index, at day 0 and day 30 after stroke. After 28 days of combined therapy all 4 patients improved, most significant improvement was seen in upper limb function, measured by ARAT score and in autonomy measured by Barthel Index.
INTRODUCTION
Motor deficit, especially in the upper limb, is the primary contributor in post-stroke disability. Recovery of strength and motor function is mainly attributed to cortical plastic reorganization in the early recovery phase. Neural plasticity is the ability of brain to develop new neuronal interconnections, acquire new functions, and compensate for impairments [1] , which will change the structure and function of cortical neurons and networks. After focal damage of the motor cortex, structural and functional reorganization occurs ipsilateral in perilesional suriving areas, but also in the contralateral hemisphere. Neural plasticity is a spontaneous process, based on innate plasticity, which could be increased via rehabilitative interventions, such as pharmacological agents, task-specific motor training or non-invasive brain stimulation. The practical goal of cortical plastic reorganization after motor cortex injury is recovery of functional motility of hemiplegic/paretic side (motor rehabilitation). This goal is achieved by (a) spontaneous recovery and (b) motor learning. Motor rehabilitation relies on a combination of different processess: recovery, substitution and compensation [2] . Motor recovery means that undamaged brain regions are still able to command same muscle groups as before the injury to produce the same motor patterns. Motor compensation refers to activation of alternative brain areas which will stimulate different muscle groups in order to produce new motor patterns for the same task. a). Spontaneous biological recovery begins immediately after stroke, is maximal during the first 3-4 weeks, continue with high intensity in the first 3 months post-stroke and tapers progressively over 6 months. The subacute stage after stroke is the critical period during which the brain is most receptive to changements by rehabilitation strategies. However, the recovery process did not end at that moment, studies have shown that repetitive, high intensity, task-specific motor practice could improve motor function even in chronic stages (after 1 year) of stroke. [3] b). Motor learning process is based on structural neuronal changes, as dendrite sprouting, formation of new synapses or neurochemical changes [4] . Motor learning have better results if the methods used are meaningful for the patient, are performed repetitively and intensively in an enriched environment [4] . The essential strategies used for motor rehabilitation after stroke are task-specific motor training and an enriched environment. Task-specific training means that the motor training should be oriented to achieve the goals that are relevant to the functional needs of the patient. Compared with traditional simple motor exercises, task-specific training induces long-lasting motor learning and adaptative cortical reorganization by neural plasticity [5] , [6] . Enriched environment should provide many opportunities for physical activity and for motivation [7] . The techniques used in motor learning-based rehabilitation strategies are: constraintinduced movement therapy (CIMT), body weight-supported treadmill training (BWSTT), robotic training, noninvasive brain stimulation (NIBS), transcutaneous neuromuscular electrical stimulation. All of these methods have evidence showing increasing in neural plasticity process [4] . Classical physical therapy techniques or simple motor exercises combined with occupational therapy are still used, but their effect is shorter and limited. Stroke survivors with reduced strength in their arms or legs should be offered progressive resistance training [8] , [9] . In people with mild to severe arm weakness after stroke, mechanically assisted arm training (e.g. robotics) should be used to improve upper limb function [10] . Multisensory feedback plays also a role in motor learning by reestablishing the disrupted sensorimotor loop after stroke. Multisensory feedback -based rehabilitation strategies are: action observation, mental practice, mirror therapy, virtual reality (VR) training, and brain-computer interface (BCI) [4] We selected 4 consecutive patients with first acute ischemic stroke, cortical or subcortical localization (in the carotid artery territory), confirmed by CT scan, without significant pre-stroke disability. Patients were included if they arrived in the first 24 hours after stroke, and were no candidates for thrombolytic treatment. Severity of stroke was assessed using the NIHSS score. Upper limb motor function was assessed using the ARAT -Action Research Arm Test score [15] -with a maximum score of 57 points (normal upper limb function) and a minimum of 0 points (complete plegia). Disability was assessed with modifyed Rankin scale (mRS), and patient's autonomy with Barthel Index (BI).
All assessments were made at day 1 and day 30 after stroke. For pharmacological intervention we used Cerebrolysin, dose of 30 ml/day diluted with physiological saline to a total volume of 100 ml -in intravenous administration, for a period of 28 days, starting within 24 hours after stroke onset. Rehabilitative interventions were started in the 7-th day after stroke onset, when the patient was transferred in Rehabilitation Hospital; consist in standardized physiotherapy program for 2 hours/day (using task-specific motor training) and occupational therapy for 1 hour/day, 5 days/week, for 3 weeks. Informed consent was obtained for all 4 patients participating in the study. The pilot study has receved the approval of the Local Ethic Comission. CT scan day 0 is shown in figure 3: Table 4 : Parameters assessed at day 0 and day 30 for patient nr.4
CONCLUSION:
In conclusion to this observational study, all 4 patients improved after 28 days of combined pharmacotherapy with Cerebrolysin 30 ml/d and 21 days of intensive physical and ocupational therapy (3h/day) in a Rehabilitation facility. . Among the studied parameters, the most significant improvement was seen in upper limb function, measured by ARAT score and in autonomy measured by Barthel Index. The strength of our approach in rehabilitation of patients with acute ischemic stroke was the combination between high doses of Cerebrolysin administered for 28 days in the first 24 hours after stroke and high intensity task-specific kinesi-and occupational therapy, administered for 21 days in a Rehabilitation Hospital.
The limitations of our observational study were the small number of patients, the selection of cases, the absence of a control group, different location of strokes and the presence of other neurological deficits than motor deficit that influenced the degree of disability and autonomy. We hope that the advances in stroke rehabilitation strategies will show new evidence about the efficacy of combination therapies on facilitation and modulation of neural plasticity, with improvement of motor function, beginning from the first days after stroke onset.
